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SUMMARY

A th.eoretical and experimental ineestigation has

been conducted of the pressure distribution o7_ the

surJace of either a circular cylinder or a truncated

cone located within the base region, of another circular

cylinder at .l[ach number 2. A similar analysis

_( pressure distributbm was made for rearward-

facing two-dimensional step,% and theoretical re,,'ults

were compared with experimental re,_ults of eartier

investigations. Theoretical base-pressure ratios of

two-dimensional steps agreed well with experimenhtl

results; however, as a result of the simplifying as-
sumptions made ./or axisymmetric co_figurations,

only a range of ralues for theoretical base-pre._.sure
ratio could be calculated within which the experi-

mental results were expected to occur. The data

generally followed the trend._, predicted by the theory,

and deviations apparently couM be explained.
The location of the start _ the pressure rise on the

surface downstream of either a two- or lhree-

dimensional step and the magnitude of the pressure
ri,¢e could be predicted .fairly well with ttte theory.

The shape of the predicted pressure-rise curre agreed

more clo._'ely with experiment .for the ,¢maller step

sizes. In all cases the distance requh'ed to complete

the pressure rise was greater than lheory. The

effects of base bleed on base-pressure ratio qf axisym-

metric configurations were also calculated and agreed

well with experimental results at low bleed flow rates.

INTRODUCTION

Details of the flow in the base region of two-

dimensional and axisymmelrie t)aekward-facing
steps are of interest but have proved difficult to

determine analytically. The need for a satisfaetol y
method of analyzing lids type of flow (in partimIlar
to determine its pressure distribution) is evident

in current studies of the flow in the base region

of a missile (to determine gimbal moments, drag,

heating, etc.) and of the flow between stages of a

missile as the stages separate. General analyses

that have contributed much to an understanding
of this flow problem are those such as references

1 and 2. Both studies were concerned chiefly with
two-dimensional flows. In reference 1 the theo-

retical calculation of base pressure of a two-

dimensional step agreed well with experiment. In

reference 3, Chapman presented some analysis of

the base flow for a_symmetrie bodies but did not

develop the analysis to the extent that basepressure
could be calculated.

The present study combines and extends the
analyses of references 1 to 3 in an attempt to

caleulqte the base pressure of an ax-isymmetdc

configuration and the pressure distribulion on the
surface downstream of eilher a two-<limensional

or an axissmm_etrie step. Effects of base bleed

with axis31nmctrie configalrations were also
studied. Experimental data obtained in the

Lewis 8- by 6-foot supersoni(, tunnel with axisym-

metric configurations were used as a guide in the

analysis and also were used to determine the

accuracy of the theoretical calculations. Earlier

published dqta were used to verify the two-
dimensional calculations.

ANALYTICAL FLOW MODEL

A flow model for use in theorelieal analysis of

two-dimensional flow over a backward-facing

step has been described in references 1 and 2,

and a corresponding model for axisymmetric

flow has been parlially described in reference 3.

The model for axisymmetrie flow used in the
present analysis was based on these earlier models

and is illustrated in figure 1.
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Three main regions are considered. Upsh'eam

of the base (region 1) tlle flow is deternfined by

the body shape and the free-streani Maeh nuinber,
and details can be obtained from characteristic

sohltions and llic boundary-layer equations. ][1

region 2, between tim waves emanating from the

sh'p edge and those associated with the lrailing

shock, rite flow is governed by die pressure in
die dead-air region (subreNon a). In die mixing

zone (sul>re_on b), velocities are governed by

whether the mixing is lurtnlh, nt or laminar and

by the dze and sllape of tile initial boundary

layer (see refs. 4 and 5).
From continuity considerations, all flow from

region 1 phis any t>h'ed flow niust pass down-
stream through the h'ailing slioek. There will

exist, then, within subregion b a streamline, tim
lilniting sh'eandine, which divides the flow that

ultinultely passes downslreani from tlia[ wliicti
recireuhltes. The mass flux between lt,e limiting

streamline and the innermost streamline or tile

flow rrom region 1, the free streamline, is equal
to the ba,se-bh'ed flow rate. The maximum pres-

sure rise llltlt can be sustained by the flow ahmg

the limiting sh'eamline determines the possible

sh'englh of the trailing stiock and hence is a factor
in determining base pressure.

In subregion c of region 2 the flow can be

detemained by a characteristic sohition, lit

region 3, downstream of the trailing shock, con-
ditions are determined by the shape of the lest

body and by conditions in region 2. The nature
of the flow at tile base of tim trailing shock is of

.importance, since the pressure rise in this region

is the second factor lhat determines base pressure

(i.e.) base pressure is equal to region 3 pressure

<livided by the allowable pressure rise of the limit-

ing streamline), and it ldso determines the local

presstire dish'ibution.
Several eoiiipli<'atiolis arise that nlake the

preceding calculations very difficult. O,le such
coml4ication occurs in determining the flow in

subregion c for a given base-pressure ratio. For

axisymmetric eonfiguralions a characteristic net
must be determined for the entire region, since

the streamlines are curved. In addition, lhe

waves that emanate fronl tim step edge interact

with the boundary layer, producing secondary

waves in subregion c (see ref. 6) for either two- or

three-dimensionM configurations. Characteristic

sohitions of these [ypes are faMy long and tedious.

The velocity profile across tlie mixing region

upstream of the trailing shock is also difficult to

obtain;yet it is needed to determine the allowable

pressure rise of t lie limiting streamline. This

profih, is affected by ttie following: the properties
of the initial 1)oundary layer, the waves emana,ting

front the step edge, the distance t}ll'Ollgll the mix-

ing zone from the step edge to the point in ques-
tion, the nature Of tim mixing process (laminar

or turbulent), and local effects of shear near lhe

trailing shock caused by the reversed flow and the

lest-body surface.

Anolher compli<'ation is encountered in deter-

mining the trailing-shocl( pre,_sure rise and the
sliape of tlie rise curve. Near tile lest body a

compression fan exists. In oMer to determine
tile sh'ucture of this fan, and hence the pressure-
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rise curve, it would be necessary to know the

details of tile approaching flow in subregions b

and c phas delails of lhe reversed flow and their
interactions. Such a calculation wouhl be very

diffi<'ult. At some distance h'om the lest. body

the waves of this fan would coalesce imo a single

shock wave. Wit.h two-dimensiomd configura-

tions, lhis wave wouhl also be two-dimensional;

however, with axisynmwt,'ie configurations an

additional <'oral>Ileal ion arises in that the strength

of this shock wouhl vary with distance from tim

test_ body because of the three-dimensionalily of
the flow. Close to [he test-body surface it wouhl

be approximately two-dimensional in character,

and at sufficiently large distances it wouhl be

nearly conical. Thus, an additional characteristic

solution wouhl be required.

Obviously, many simplifications are needed to

make the problem mnenable to solulion. Those

used in the present study are as follows:

(1) The flow in re,on 1 was uniform, and the

presence of an initial boundaD" layer was neglected.

This assumplion is needed 1o simplify steps (2)
and (3) below.

(2) For axissnnmetrie configurations [he non-

mixing flow properties in subregion e of the free
streamline were delermine<l from lhe character-

istic solutions of reference 7, assmning lhe presence

of the test body had no effect on these properties

upslream of the iuterseclion of the free slream-

line and the test body. It was furlher assumed

that flow direction along all other slreamlines in

subregion e just .head of the lrailing shock was uni-
formly equal to that fl>r the fi'ee strenndine. For

two-dimensional steps a simple Prandtl-Meyer

expansion to base pressure was used, and all

st,'eamlines in subre_on c were straighl and

parallel.

(3) The velocity profile of llle mixing zone was

fully developed ahead of the trailing shock, and

[he mixfing process was either lurbulent or laminar.

The results of reference 8 for turbulent mixing
and of reference 5 for laminar mixing, whi<'h were

derived for lwo-dimensional flow, were used with-
otlt correction for three-dimensional effects. All

etfeets of the reversed flow and the [esl-l>ody sur-

face on the velocity profile ahead of the trailing

shock were neglected. This mix:ing profile was

superimposed upon the characteristic flow dis-

cussed earlier so [hat lhe jet boundary s/ream-

line (in the nomenclature of ref. 1) coincided with

lhe free slreandine.

(4) Each streamline inside lhe limiling stream-

line s[agnated isenlropically a[ the h, st-body sur-

face before flowing back upsh'eam; t[iose outside

tlie Ilia|ling streamline passed downst ream through

the trailing shock. This process was assumed to

occur along each streamline wilhoui effect on

adjacent streamlines. The re,_ultil_g pressure rise
was thus dependent on the shape of the velocity

profile and its oriental|on wilh respect lo the
[ est-body surface.

(5) The presence of a compression fan was

negh,cted, and the/railing shock was a single wave
originating from the intersection of the test-body

surface and the limiting streamline. For two-

dimensional configurnlions lifts wave was also

two-dimension'd and tin'ned the flow pa,'alM to

the surface downstream of the step. For axisym-

metric configurations two calculalions were made.

In one it was assnme(l thai the trailing sho<'k was

a phme wave thal turned the flow paralM to the

lest-body surface. In the other it was assmned

lhal it was a conical wave produced by a hypo-
thetical cone wilh a half-angle equal to the differ-

ence in approaching flow direction and tesl-body
surface direelion. These waves were assumed

because the actual lrailing-sho<']< strenglh is

protmb]y somewhere between these two assump-

tions, and because these shock-wave properlies

are well-known and widely tabulated.
Theoretical calculations to determine the effect

of base bleed were based on the analysis of refer-

enee 1 |>111are here applied to ax-isymn,e/ric flows.

The essential feature that distinguishes base-bleed
ealculalions from the no-bleed case is lhat the

limiting streamline no longer coincides with tile
fi'ee streamline. As in reference 1 il was assumed

that the axial momentum of the bh, ed flow was

negligible.

EXPERIMENTAL APPARATUS AND PROCEDURE

The experimental data for the axisymmetric

configurat ions of the present sludy were obtained

in lhe I, ewis 8- by 6-foot supersonic tunnel at a
free-stream Math numl)er of 1.98. The schematic

skcleh of figure 2(a) shows the installalion in the

tunnel. Two struls supported [he cone-cylin<ler
combinalion, which will l)e referred lo as the basic

body; and located in its base region were a variety
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FIGURE 2. -Model geotnelry.
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Two-dimensional steps

TABLE I. AXTSYMMETRIC CONFIGURATIONS

[M., [.98; boundary-layer-t hickness ratio, 5/,1, 0.125.]

Radius Cone had-

ratio, angw, r,
r/R beg

Cyiimt,,rs

0. £75 __ _.......

• 75 ........

• 5 .......

.2,5 .....

COl|aS

0.475 I5

.31 15

.125 15

• 715 25

.425 25

.122 25

of cylinders and (vun('ated ('ones referred to qs tes(

bodies. Although these configurations were used

in a general study of base flow, the models were

representative of geometries that can be en-

countered in missih, designs where lhe roeke[

motor extends downstream of the t)ase, "rod also

encountered as missile stages separate. Sketches

of the test bodies appear in figure 2(t0 as an aid i1_

defining symbols for geometric parameters, and a

list of the values of these parameters is presented

in tal)le I. A list of synd)ols and their definitions

appears in appendix A. Four cylinder sizes and

two cone angles were selected. The <'ones (which

were mounted to the basic body 1>3' means of n

screw ja('k) were translated with respect to the

base of the basic body so as to vary the radius

ratio r/ll. In all cases the base region between

the tmsic body and the test t>ody was open to the

interior of the lmsie body.
Tile test bodies were instrumented with a row

of static-pressure orifices along one or two eh, ments

to determine the pressure distribution in [he region

of the [railing shock. Static-pressure orifices

located in the interior of the basic body just Ul)-

stream of the plane of tim base were used to deter-

mine base pressure. _-'ith each lest body, data

were obtai,wd over a rallge of l)ase t:leed flows.

Air for 1)ase bleed was supplied from a source

external to the tunnel and du('ted into the model
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TABLE II.---TWO-DIMrENSIONAL CONFIGURA-

TIONS

Test, Maeh

number, 3[o

1.7

2.0

2.3

2. 48

1. 86

1. 86

1. 86

Step Bound'try-
angle, r, layer-thickness

deg ratio, aj"h

0

0

0

0

7

12

16,1,.;

0. 125

• 100

• 23

• 23

• 23

Reference

2

2

15

16

16

16

16

through the support struis. Orifice plates were
used to determine tiffs flow rate.

Experimental data from other literature for bye-

dimensional steps were also used in the present

analysis. A sketch of tiffs type of configuration

is also shown in figure 2(b) to define symbols, and

a list of the model geolnetrieal parameters and the

appropriate references appears in table II.

RESULTS AND ANALYSIS

TWO-DIMENSIONAL CONFIGURATIONS

For two-dimensional configurations, sh, p height
is of significance only in that its size relative to

initial t)oundar.v-l,lyer thickness is a faetor in de-

termining whether suffi('ield distance exists be-

tween the step edge an(/ the trailillg shock to per-

mit fully developed mixing. The boundary-layer-

tlii('kness ralio for file data used in tlie present

study is tabulated in lable II,
Experimental and theoretical base-pressure

ratios for several two-dimensional-slel) eonfigura-

lions are presented in figure 3. Figure 3(a) shows

the effect of approach hla<'h nllllllIer oil the ])ase-

pressure ratio with zero step angle. ("Step

angh," refers to the angularity of the sm'ra('e

downstream of the step as illustrated in figure

2(b).) Theoretical ('ah'ulations based on the

analyses of references I and 2 were made for both

laminar and turbuh'nt mixing, and details are
described in appendix B. At M-aeh 2.0 the experi-

mental base-wessure ratio with turbulent mixing

ii_i_!!t i! ....

,.:: ,

t
:il:ii:i _ ,,,i:iltt!

7,,,It i1: _ !li!i:_

.... +2LL_
I!it _!7 :"' :Li_ Lt_

;_i: KLi !f

::i_ i[i{ I ii_i _i

<..,]_iIIii- i,hii<-_!I!!
_ , ! i:li
'it Iii!i !t _ ..........

{_L........ ::'-

2,1

Mach number, M o

m!iilti!f::i t I ....

' 'tTffrl it il7!ift7

!7!!i7ft : { f" 7 f """_._

_'<_.U.2._iti! It ! ... Hl'.:liil ....

.... :i!:I_4 theory _ii .....!j]!li{{l till

i_:] :_t :'_I[l_l i_l:l£fll V'_ if:,,, ii[! itlil[{;i i',ltl:{l] _t_,l:,.iNi_l <_!: ....(a)

2.2 2.3 2.4 2.5

('l) EffecI of Maeh Nunlber• Slep angle, r, 0 °.

• FW, V_E 3. B-tse-presmlre ratio of two-dimensional sleps.
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was in excellent agTeement with turbulent theory,

but with laminar mixing the ratio was higher than

laminar theory. With an initial boundary layer

it is known that the distance from the beginning

of mixing to the point where a fully developed pro-

fide is achieved is greater for laminar than for

turbulent mixing. Reference 1 has shown that
the effect of a profih, thai is not fully developed is

to increase the base pressure. In addition,

reference 2 has shown that with negligible initial

boundary layer the laminar theory and (lata are

in good agreement. Therefore, it appears that

the discrepancy between laminar theory and data

in the present analysis existed because the distance

from the slep edge to tire trailing shock was so

short that the mixing profile was not fully de-

veloped. To obhdn a more accurate theoretical
ealeuhttion, the laminar mixing equMions must be

solved for the particular flow conditions of the

individual protflem as indicated ira reference 5.

Transitional mixing is that in which transition

from laminar to turbulent mixing occurred be-

tween the step edge and the reattaehment point.

As expet'ted, the transitional mixing data were
between the laminar and tire turbulent data.

Their location in this range wouhl depend on the
location of the transition point with respect to the

step edge and the trailing shock.
Reasons that may explain the differences be-

tween experiment and theory at other Math

numbers are as follows: At Mach 1.7 the mixing
was knox_m to be transitional, and hence the data

wouhl be expected to be higher than turbulent

theory, as shown in the figure. At Math 2.3 the
initial boundary layer was tm'tmh, n{, but a re-

fleeted shock wave crossed the wake region or the

step and probably caused the discrepancy tlmt is

shown. At NIach 2.48 the initial boundary layer

was laminar, but the nature of the mixing was not

determined. Since the data point was a little

higher than turbulent theory as at Nlach 1.7, it is

quite likely that the mixing again was transitional.
The effect of w_rying step angle at constant

initial Math nunlber is shown in figm'e 3(1)).

For these data the initial boundary layer was

turbulent and therefore the dala are compared

only with turbuh, nt theory. There was excellent

a_'eement between experiment and theory at step

angh,s less than 12 °, but theory was higher at

larger angh, s. It is possible that this discrepancy
was caused by boundary-layer separation ahead of

566131--61--2

the stel), since base pressure had increased at)eve

p0.

Other data exist for which the flow properties

were more nearly like those of the flow model

(such as in ref. l), and the agTeement between

theoretical and experimental base-pressure ratios
was better than shox_m here; but the data dis-

cussed previously are of more interest for the

present analysis, because pressure distributions
(lownstream of the base were also reported. These

pressure distributions are compared with theory

for zero step angle in figures 4(a) to (d) and for

varying step angle in figures 4(e) to (g). The

theoretical pressure distrihutions were deterlnined

for the experimental wflues of base-pressure ratio

(details appear in ,q)pendix C). By so doing, the

accuracy of the portion of the flow model in the

region of this pressm'e rise could 1)e tested without
the influence of possible discrepancies between the

theoretical and actual flow in other regions. Ilow-

ever, it shouhl be noted that, if the experimental

base pressure is not known in adwmce and the

pressure distribution is computed using the lheo-

retical base pressure, then differences between the

theoretical and experimental base pressure will

affect the :wcm'acy of the pressure-distribution
caleulat ion.

With transitional mixing at Math 1.7 (fig. 4(a))

tire experimental distril)ution a_'ee(t faMy well

with tm'buh, nt theory. As might be expected,

the al)rupt changes in pressure distrit)utionpre-

dieted t)y the theory were more ffradual in the

real flow. At hla('h 2 (fig. 4(1))) data for tuct)u-

h,nt, laminar, and transitional mixing are pre-

sented for comparison with turl)ulent and laminar

theory. The ttu'buh,nt data agTee very well with

theory, and the laminar data agree well at the

beginning and at the end of the pressure rise.
The actual rise in the lath,r ease is much more

_'adual than theory, suggesting again that tim

mixing profile was not fully developed. As ex-

pected, the transitional rise curve was between
the laminar and turl)ulent curves. The agree-

ment was poor at Xlach 2.3 (fig. 4(c)), but tlfis

probably was due to the interference of the re-
flected shock wave. With a laminar initial

boundary layer at Math 2.48 (fig. 4(d)), the
data were much closer to tm'bulent than to lam-

inar theory, again indicating that mixing was

transitional. With nonzero step angles (figs. 4(e)

to (g)), the theoretical pressure rises were located
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farther downstream than the experimental rise,

/)ut (he mngnilu(h, of lhe rise was in good n_ee-

merit. In general, lhe shapes of these pres,_ure-

rise curves differed more from theory l]mn did

those for the zero step angle.

AXTSYMMETRIC CONFIGURATIONS

Boundary-layer survey.-The flow just up-
stream of the be.se of the axisymmelric configura-
lions was surveyed by means of Pilot rakes loeau, d
in the p/an(' of the s(ruls and normal to it. Tim

results, presented in figure 5(a), show a bound_l, ry-

layer-thickness ratio &/d of 0.125. The cause for

the discontinuity near the model surface in the

profih, of the rake normal to the struts is not

known, but it could be n result of faully instru-

ment,ttion m" a shock-wave impingenumt. St'die

pressures were measured on the modal surface near

the base of each rak(, and, as indicated in the

figm'e, show negligi})]c ve.rie, tion in eiremnferential
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distribution. Local Math numbors just outside
tilt' body boundary h{yer were computed from lhe

ralio of model surface shtlic pressure io t|le PiCot

pressure. Results shm_m in the figure indicate a

substa.nlia.I wake behind the struts, ttowever,

this wake protmbly existed over a rela.lively snmll

poriion of the body eireunfference, and ils presence

wss n('glech'd in tim cal{'ulations.

Assuming mfiform stall(' pressure ahmg the

length of tile Pilot rake, those data were used to

compute the velocity-ratio profiles presenh, d in

figure 5(b). Also shown arc, theoretical profih, s

for a flat plato with the samo length as the basic

body and for both laminar and turbulent flow.

The boun<hu'y-layer thicknesses were cal<'ulated

from the following equations of references 9 and 10:

5 0.371

gJL= ._/vl/_o an'<t at= ¢/TIJi'v

The laminar profile was obtained from the Bh:sius

3"P. Hi _ii
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E
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g
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'
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Distance ratio, x/h

M_lch lV,lmbor, !.86; lm'l)tl]en(

mixing.

(t') Sift) angle, r, 7°;

solution, and the turbuleifl profile from the equa-

tion u/_to= (y/@/r. The boundary layer was

clearly turtmlent, and hence the theoretical

analyses that follow were made for turbulent

mixqng.
Oylindrieal test bodies,---Schlieren t)hotographs

of the flow with cylindrical test bodies are pro-

sentcd in figure 6. The various flow regions con-
sidered in the section =tNALYTICAL FLOW
MODEL are discernible. The fact that sonic of

the test bodies did not extend all the way upstream

to the plane of the base of the basic body (see

fgs. 6(e) and (d)) did not affect the data, because
they did extend upstream of the trailing-shock

pressure rise.

The experimental and theoretical effects of the

size of the cylindrical test bodies on base-pressure
ratio are sho_cn in figure 7. Data from several

sources are presented, and all showed a similar

trend as radius ratio varied; decreasing the ratio
from 1 to zero first caused a rapid decrease in

base-pressure ratio, then a gradual increase,

and fimdly a slight or negligible increase. The

unput,lished-daia point was obtained with the

d
:.7-.

13

g
0"1
gO

I

go
O

2

t71

(f) Step angle, r, 12°; M'_ch nuinb_'r, l.g6; turbulent

mixing.
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.4 .5

Pitot pressure ratio, PzlPo

.8

(a) Pitot pressure profiles.

FIGURE 5.--Boundary-l'tyer ,_!lrvey. Maeh number, 1.98.
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1,0

(b) Velocity profiles.

FIC, ITRE 5. Conch(dad. Bound.iry-layer survey. _I,'ich liuniber, 1.98,

same support struts and in the same part of the

ttnlno] test section (the supersonic section) as tile

present sill(l)" and itgreed closely with tile present

datii.

There was a good deal (if scatter in these data,

and possible reasons for this scatter are as follows:

The (lata of reference 11 were obtained with

(lifferent struts in the transonic portion of the test

section and indieate a lower base-pressure ratio

than the present study. This decrease may }lave

beol] dllo to it e]la.llged sirlli effect, and/or to ,'%

ellange in tunnel flOW properties, since the flow

upslream of the base was more uniform in the

supersonic titan in the mmsonic section.

Tlw results of reference 3 were obtaiued ill h'ee

flight wilh zero radius ratio and in a different

facility using a sting support rather l]lan struts

with other radius ratios. These data also showed

generally lower base pressures than the present_

study. Several ra,,tors may have conlriblited to

this difference. The model of reference 3 was con-

strueled of a single piece of meia], whereas the

present model was eonslrueted of several jointed

pieces and also inehided dueling to allow a base-

bleed study. In iltis latter case there is a pos-

sibility thai air leaks existed Ihal caused inadw, rt-

eat base bleed. .ks has been S]lm_m (e.g., ref. 1),

small amounts of base bleed produce relatively

hu'ge increases in base pressure. If present, it

impaired the usefulness of tile base-pressure-ratio

da.ta but not. lhat of the pressure-distribulion daht.

Aliolher factor eontribtlting tO tills difference may

]lave been differences in the initial bollndll>ry layer.

Ii. probably was thinner in reference 3 titan for the

present study, since tile effect of a lower Ileynolds

number was more than offset by the shorter h'ngt]l

of the basic body. (Vahles of these pa, raineters

are indicated on tile figure.) With the thhmer

boundal'y la.yer, ill(, mixing profile may have been

closer to being fully developed ahead of tile trailing

shock, and lower base pressures would result.

A third factor eontribuling to this difference may

be ill.ill a slrul effect was nonexistent for most

of the dtita from reference 3. Thus, the base-

prassure data of reference 3 probably are more

significant than those of Ilia preselii test.

The theoretie'd eurves are shown in figure 7 for

the two cases of a plane and of a conical trailing

shock wave. Dei<lils of these calculations are dis-

cussed in appendix B. In its simplified form, the

thee W can only be used to predict a range of base-

pressure ratio for values of radius ratio greater

than 0.2 wilhhi which Ihe experimentltl base-

pressure ratios may lie expected to occur.

,, li
!;1 ]_

71
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(a) Radius ratio, r,/R, 0.875. (b) Radius ratio, r/R, 0.75.

(c) Radius ratio, r/R, 0.5. (d) Radius r.ttio, r/R, 0.25.

FIca'RE 6. Schli(,ren pholographs of flow wilh cylindrical lest bodies. Mach number, 1.98.

A comparison of the experimental and theoret-

ical base-pressure ratio of figure 7 call be better

understood by simultaneously analyzing the static-

pressure distributions on the lest-body surfaces.
The experimental and theoreti('al distributions of

the present test are presented in figure 8. The

theoretical eah'ulations are presented in appendix

C in detail and, as for the two-dimensional configu-

rations, were made for the experimental value of

base-pressure ratio. These data show that, at

radius ratio 0.875 (fig. 8(a)), the trailing-shock

pressure rise was very close to lhe 1)lane-shock

value; a( radius ratio 0.75 (fig. 8(b)), it was mid-

way between that of the plane and the conical

shocks; and, at radius ratio 0.5 (fig. 8(e)), it was

equal to the eonieal-shocl_ value. Thus, the If'ail-

ing slmek was effectively a plane wave at large
values of radius ra(io and weakened, approaching

coni('al-sho('k slrenglh, as radius ratio decreased.

It would be expected, then, that (he experimenlal
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1.0

FIGURE

.2 .4 .6
Radius ratio, r/R

7. Effect of cylinder size on base-pressure ratio. Math number, 1.98.
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base-pressure ratios of figure 7 would cross over tim

predicted range from tile plane shock toward the
conical-shoel¢ value as radius ratio decreased.

The data between radius ratios or about 0.9 and 0.4

clearly showed this trend, particularly for the data
of reference 3. At radius ratio _'eater lhan at)out

0.9, the data deviated markedly tram this trend

because of the effect of the initial boundary layer;

that is, tile mixing h,nglh was insufficient to allow

a fully developed profile.

For axisymmetric configurations such tha! the

t)ase-pressure ratio is less than 1.0, the free stream-
line curves toward the flow axis. Since there is a

limit to the strengfl| of the trailing shock, the free
streamline wouhl not intersect !.he test-body sur-

face if the required flow deflection exceeded this

limit. Thus, it is possible that a minimum e.ffee-

tire radius ratio exists and timt base pressure is

independent of test-body geometric radius ratio for
values less than this minimum. Dala or reference

12 indi<.ate that base pressure is affected 1)y radius

ratio over the entire range, but that, at high Rey-
nolds numbers comparable to the present, study the

effect tl.t small values of rq<lius ra.do is not large.

Since this concept of a miniature wake size is a

useful one, it. was employed in the present analysis.

For the data of figure 7 thc minimum wake
radius ratio was between 0.4 and 0.5. Minimum

wake sizes measured from shadowgraph photos of

free-flight bodies are presented in reference 3 over

a range of free-stream Mach numt)er; these data
indicate a minimunl radius ratio of 0.55 for the

Mach number of the present study and hence are

in fair agreement with figmre 7. The theoretical
caleulations simw a minimum radius ratio of about

0.55 for a plane trailing shock and a minimum of

about 0.2 for a conical shock, thus bracketing the

expcrinlentaI results.
Tlw pressure distribution on a cylindrical test

body with a radius ratio less than the mininmm

wake size is shown in figure 8((t). If the physical
radius ratio of 0.25 is used in the theoretical ealcu- .

lation of pressure distribulion, the results do not.

agree wilh the data, as shown in the figure. If tllc
mininmm wake radius ratio of 0.5 is used as the

effective test-body size, the results are in much

belter agreement and hence shouhl t)e used.
The nmgnitudes and locations of t]lc expert-

menlal and theoretical pressure rises on the cylin-

drical test bodies are summarized in figure 9.

Fi_lrc 9(a) dearly shows the weakening of the

trailing shock from a phme to a conical strength
as the radius ralio decreased from 0.875 [o 0.5.

It. is not apparent how to predicL tile strength of
this shock wave at intcrnlediate values of radius

ratio, but as a. first approximation it, could be as-

o",.6 {i !i

ii iii:%:.ii__,_ili!ti!ii:ii _iliili!:#:i i_

(. 1.2 ::,:::::. ........ _ ::,_ tt*t!L,illiili
:2:iii:_ Theory i!ilitiii!E_

O_ 1.0 _ t :.,'m:*lqmm: :::v:r .....
_/5_ih:iAil itlilih]i!!_il:H_! [[I iill i;: i :;

:,:: mt m: mt m_ ]if: ::::u:u

"80 .2 .4 .6
Dislonce

(a) Radius ralio, r/R, 0.875.

Mach

566131 61 --3
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FIGURE 8. Continue'd,

Oislence rotio, x/d

(c) Radiu_ ratio, r/R, 0.5.

Cyllndrical-body pressure distribution. Math number, 1.98.

1.8
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FIGURE 9. Summary of location and

pressure rise on cylindrical test bodies.
1.98.

1.0

magnil ude of

Milch nunlber,

sumed to be constant at about 1.9 for the free-

stream Maeh number of 2. The variation of this

shock strength with stream Math number was not

deternfined in this study. The location of the

start of the pressure rise is shown in figure 9(b).

Neglecting the effect of miMng and assuming that

the pressure rise began where the free streamline

intersected the test-body surface (a Prandtl-Meyer

expansion followed by three-dimensional nonmix-

ing flow) produced a. theoreti('al location that was

well do_mstream of the experimental location, as

shown in the figure. IIowever, by inehiding lhe

effect of mixing, the theory was in faMy good

agreement with the data.

One thing that the theory did not do well was to

predict the shape of the pressure-rise curve ac-

euralely with large steps. As shown in figure 8,
the experimenhil cur_*e rose more sharply initially

and t,hen leveled off more grtldually, hi all cases

the experimental distance required to complete the

pressure rise was greater than theory. This
difference increased as radius ratio decreased.

Reasons for l]le discrepancy are that the theory

assumed a fully developed profile thai may not

aclulilly be achieved and also neglected local flow

effects along llle test-body surface. Figures 8(c)
and (d) show that the pressure rise in the wake of

lhe struts was more gradual than in the normal

l)hme.

Conical test bodies. Schlieren photographs of

the flow with the conical test bodies are presented

in figure 10. As with the cylindrical test bodies,
the various regions of flow described in the section

ANALYTICAL FLOW MODEL are apparent.

Again, all of the data were obtained so that the

test body extended upstream of the trailing-shock

pressure rise.

The experimental and theoretical effects of

radius ratio on base-pressure ratio are presented in

figure 11 for cone angles of 15 ° and 25 ° . The

thcorcticM calculations are described in appendix
B. As expected, the ovenfiI level of base-pressure

ratio was higher with the larger cone angle. The
predicted range of base-pressure ratio unfortu-

nately was rather large, particularly with the large

cone angle at large values of radius ratio. All the

data fell within the predicted range. As with the

cylindrical-test-body data, there was a possibility
that inadvertent base bleed had occurred. A

change in experimental procedure that reduced

this possibility was nmde for a portion of the 25 °-

cone data; and, as sho_m in the figure by the open

symbols, base-pressure ratio was reduced some-

what. The base-pressure data with the 25 ° cone
showed the same trend as radius ratio was de-

creased as did the cylindrical data; that is, the data

crossed over the predicted range front near the
plane-shock vahle loward the conical-shock wdue.

However, the 15°-cone data did nol show lhis
trend.

I
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(a) Radius. ratio, r/R, 0.475; half ct)ne angle, r, 15 °. (d) Radius ratio, r//?, 0.715; h.df cone angle, r, 25 °.

(b) Radius r'_lio, r;'R, 0.31; half cone angle, r, 15 °. (c) Radius ralio, r/R, 0.425; half cone angle, r, 25 °.

(c) R;tclius ratio, _'/R, 0.125; half cone angh', r, 15 °. (f) Radius ratio, r/R, 0.122; half cone angle, r, 25 °.

FICVRE 10. Schlieren l)holographs of fl_)w with col_ical tesl bodies. _Xlach numbcr_ 1.98.
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];'IGURE ll.--Effect of cone geonwtry on base-pressure

ratio. Math nmnbm', 1.98.

The experimental and theoretical test-body

surface-pressure distributions appear in figure 12.
The theoretical calculations are described in detail

in appendix C and again were made for the experi-
mental value of base-pressure ratio. In all eases

the magnitude of the trailing-shock pressure rise
was somewhat greater than for a conical shock.
Differences between theoretical and experimental

pressure distribution were similar to those for the

cylindrical test bodies.

The magnitudes of the experimental and the-

oretical trailing-sho('l; pressure rises and the loca-
tions of tile start of the rises are summarized in

figure 13. For both ('ones the magnitude of the
experimental pressure rise was about 0.2 greater

than conical-shock them3" (fig. 13(a)) regardless

of radius ratio. This fact appears to contradict

tile trend shown in figure 11 for the 25 ° cone, where

experiment is closer to plane-shock theory at high
radius ratios and clo_er to conical theory at lower

radius ratios. The reason for this discrepancy is

not apparent. As sho_m in figure 13(t)), the tlm-

orelieal location of the st'txt: of the pressure rise

was seriously in error if the effect of mixing was

neglected (as described for (tie cylindrical test

bodies); bet if it was included, the agreement
t_etween ill(, data and tlwory was good, especially
with tile 25 ° cone.

Effects of base bleed.--The possibility that

inadverten t base bleed occurred during the present

test has already been discussed. Experimental
and theoretical effects of deliberate base bleed on

base-pressure ratio with tile cylindrical test bodies

are shown in figure 14. Details of the ttleoretical

calculations appear in appendix D. Calculations
for both a plane and a conical trailing shock were

made at radius ratios of 0.875 and 0.75 (figs. 14(a)

and 0))), but for lower values of ra(tiu_ ratio only

a eoni(.al-shock solution was possibh'. For radius

ratios less than the mininmm wake size (figs. 14((t)

and (e)), the theoretical calculations were made

assuming an effective radius ratio of 0.5 as was

done eaxlier for figure 8(d). The magnitude of

tile experimental base-bleed ratio for values less

than 0.1 is questionable, be('ause the method of

measuring the flow rate was less accurate at low
flow rates. The mininmm value of bleed flow was

obtained with the control valve closed, and these

dqta points are those presented in figure 7. Thus,

figure 14 indicates that some valve leakage oc-
curred for these data., but the flow rate is not

accurately known.

The data of figure 14 indicate reasonably close

agreement with them.3- for bleed-flow ratios up to
al)out 0.3, btlt at higher flow rates the data were
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less than theory. The reason for this in,"<ccuracy

wrts it|aft the theory neglected the effects of bleed-

flow axial nlonlonllun> which became increasingly

important as flow rate increased. Reference 13
has shown du,.t the effect of bleed momentu,n is

such as to decrease base-pressure ratio l'.nd thus

is in aceoi'<l wilh lhe present results. In figure

14(e) the bleed flow was varied over an extra-wide

range. The resulting variaiions in t>,tse-pressure
ratio are similar to those described in reference

14 for a two-dimensional configure lion. No

a/tempt wits made in the pres0n[ sludy to corn-

pule a theoretical curve for these nioderete t>nd

high bh'ed-flow rales as was done in reference 14,
but apparently it couhl be done.

The effect of base bleed on ba._e-pressure ralio

with the conical test bodies is shown in figure 15.

For these data the hlrgesl vahle or radius ratio
lhat was investigated with each cone was used.
The trends of the effect of bilse bh'ed were simihtr

lo iliose for cylindrical test bodies, and the accu-

racy of base-bleed ralios at valtes h,ss than 0. l was

sill questionable. It is apparent i|iai the differ-

once between theory alld experinlcnl increased

more rapidly at high bh'ed flows than it (lid for

the cylindrical test bodies. Al base-bleed ratios

less than 0.15 all of the dahi fell within the pro-

dieted pressure-ralio ra.nges; ]lowever, the magni-

tude Of the predicted pressllre-ratio range l)eeame
quite large for Ihe higher cone angle al low values

of base-bh,ed ralio, lhus decreasing lhe usefulness
of the theoretical eah'ulalions.
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.6 .8 [.0 1.2 1.4 1.6 !.8 2.0
Distance ratio, x/d

(f) Conic'd half-angle, 25"; radius ratio, r/l?, 0.122.
FmCRE 12. Concluded. Conical-body pressure dish'i-

bulion. Math munber, 1.98.

SUMMARY OF RESULTS

A theoreii('al and experimental investigation
has been conducted of the pressure distrit)ution on

the surface of a circular cylinder or a truncated

con(, lo(.ah,d within the base re, on of another

circular cylinder. A similar analysis of pressure

distribution was made for rearward-facing two-

dimensional steps, and lheoretical results were

compared with experimental results of earlier
investigations. Effeels of base bleed were also

studied with the a xisynmwtric configurations.
The following restllts were obtained:

1. The 1)ase-flow theory of references 1 and 2

was used successfully to calculate the base pres-

sures of two-dimensional steps. By approximating

lhree-diniensional flow effects, lhe sanle theory was

used to predict a range of base pressures for axis3ml-

metric configurations within which the experi-
mental results were expech,d to occur. The data

generally followed the trends predicted by the
theory, and deviations apparently could be ex-
l)lained,

2. For two-dimensional siel)s the magnitude of
lhe pressure rise on the surfa<'e downstream of the

step eouhl lye predicted accurately. The localion

of the star! or lhe pressure rise and the shape of

the pressure-rise curve were closer lo t.heory with

zero than with nonzero step angh.s, and in all <"_ses
the dist'mce required to complete lhe pressure rise

was great er than 1heory.

3. For axis3qnmetric configurations with cylin-

drical test bodies, lhe magnitude of the pressure

rise on the test-t)ody surface was neurly constant
at al)out 1.9 for radius ralios less than 0.875. At a,

radius ralio of 0.87.5 lhis pressure rise corresponded
to that of a plane trailing sh(yek, and at a radius

ratio of 0.5 it corresponded to that for a conical

shock. With conical test bodies the pressure rise

was at)out 0.2 greah, r than that for a eoni<'al irail-
ing shock regardless of radius ratio. In all cases

the stay/of the pressure rise was slightly upstream

of theory, and the distance required to eompleto

the pressure rise was greater than theory. The
shape of the pressure-rise curve differed more from

theory at low vahies of radius ratio than at high
values, and in all cases h, veh,d off more gradually

than theory.

4. "Vii(, effects of base lyh'ed on t)ase-pressure

ratio for the axis31nmeirie configurations could be

pre<licted with fair accuracy at bleed-flow ratios
less than 0.:3 for cylindrical test bodies and less
lhan 0.15 for conical test bodies. A more "refined

analysis wouhl 1)e required at high t)leed flows.

LEwYS I;_ESEAR('Iy CENTER
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APPENDIX A

SYMBOLS

A area

B base-bleed ratio, equal
flow rate to flow rate of fi'ee-stream air

through base area of step

C Croeeo nmnt)er, u/_,_TpT

cp specific heat at constant pressure
d diameter of basic body

h height of two-dimensional step

_ _dn/l "l--C_o 2 (tabulated in ref. 8)

/c _,.G
l length of basic body from nose to base
31 Maeh nunlber

m mass-flow rate

P tolal pressure

p static pressure

R radius of basic body

Re gas constant

Re Reynolds number
r radius of test body at base of basic body

s distance along free streamline from step

edge to intersection of free streamline and

surface downstream of step

T total temperature

t static temperature

U velocity external to mixing zone

u local velocity within mixing zone
x horizontal dislance from base of basic 1)ody

y radial dishmce from surface of basic body

a angular location on surface of test body
measured fronl top, deg

3+ ratio of specific heats

28

8

Io ratio of bleed- 7/

boundary-layer t hiel.:ness

position parameter (ay/x in refs. 1, 4, and

8; _'_r_/v=x in ref. 5)

0 angularity of flow direction with respect, to
horizontal, deg

v kinematic viscosity

a similarity parameI m" of refs. 1, 4, and 8

r angularity of lest-body surface with respect

to horizontal, deg "

_, velocity ratio (u/uo in refs. 1, 4, and S;
u/U in ref. 5)

Subscripts:

a outside of mixing or boundarydayer regions

b base region

j jet boundary streamline in mixing region
defined as that for which mass flow

exlernal to it is equal to mass flow over

basic body upstream of base
L laminar

1 local conditions

s limiting streamline in mixing re,on defined
as that for which mass flow between it,

and jet boundary streamline is equal to
base-bh, ed flow

T turbulent

w conditions at surface of test body

0,o_ free streanl

1 upstream of sle I) edge

2 between waves emanating from step edge

and trailing shock

3 downstream of trailing shock wave

Superscript:
* sonic



APPENDIX B

CALCULATION OF BASE-PRESSURE RATIO WITHOUT BASE BLEED

Tile steps needed for the solution of base-

pressure ratio for a given model geometry were as
follows :

(1) The flow in region 1 (see fig. 1) was assmned

to be uniform with zero flow angularity and with
the Maeh nunA)er external to the boundary layer.

(2) The base-pressure ratio was determined by
trial and error. Therefore, a value of pb,/po was

assumed.

(3) For axis3mmwtric configurations the non-

miring flow properties ah)ng the free streamline

in region 2 are presented in reference 5. These
results were used to determine the flow properties
at the intersection of the free streamline an(1 the

test-body surface. (In many eases it was neces-

sary to extral)olate the curves of ref. 5 to higher

values of x/d to obtain the desired information.)
The Maeh number 3_.,, external to the mixing

zone and the flow direction 02 of all the flow in

region 2 approaching the trailing shock were
assumed to be uniformly equal to those of the
free streamline at the intersection. For two-

dimensional configurations the flow properties in

region 2 were obtained from a sinq)le Pvandtl-

Meyer expansion to the assumed t)ase pressure.

(4) The axisymmetrie solution was continued

from this point for two different cases: In one
case the trailing shock was assumed to be a plane

wave that occurred at the approach .Xla('h number

_]I2.,, and produced a flow deflection A0--0s--02,

where 0a was the angle of the test-body surface.

In the oilier case the trailing shock was assumed
to be a conical wave th,tt oeeurred also at the

approach Maeh number -lf2., and the half-

angle of the hypothetical cone that produced this
shock wave was A0 -- 0a-- 02. The pressure rise

pa/p_ of tim trailing shock was then determined
for each ease. For the plane shock this calculation

was straightforward, and for the conical shock _,793

was assumed to correspond to the cone surfaee

pressure. The two-dimensional calculation was

similar with the exception that tlte trailing shock

was known to be a plane wave.

(5) The next step wqs to determine the velocity

ratio _, of the limiting streamline resulting from
the mixing process. Since l)ase bleed is not

considered here, this velocity ratio would be equal

to that of the jet boundary streamline _,j. This

parameter is presented in reference 8 for turl)ulent

mixing and in reference 5 for laminar mixing. (In
the nomenelature of ref. 5, _,j=u/U evaluated at

F- !_ 0(YA x)__ _/_ = .)
(6) The limiting streanfline was assumed to

stagnate isentropieally at the test-1)ody surface,

producing a pressure rise (P,/p)j th,,tt del)ended
upon the Maeh numl)er along this streamline.

This pressure rise was determined as folh)ws:

2 C 2
(a) Compute Cj=,p/'2., knowing 5P

•_--1 I--C -_
5'

P 1
(b) Compute(p) =( +_1 31_)_2i

(7) If the correct pt,/po was assumed in step (2),

then (P/p)_ from step (6)(1)) would be equal to

the pressure rise ps/P_ of step (4). If not, a
different wdue for p,,/po was assunw,l, and the

ealeulation was repeated until equality was

obtained. Because two different types of trailing-
shock waves were assumed for axis3mmletrie

configurations (a plane and a conical wave),
there would be two different vahws of pJp2 and

hence of p_/Po also. These two values of 1)ase-

pressure ratio then served as a prediction of lhe

range within which the data would be expected
to be located.
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APPENDIX C

CALCULATION OF PRESSURE DISTRIBUTION IN REGION OF TRAILING SHOCK

The solulion of pressure distribution for a given
model geometl'y required tile following steps:

(1) The flow properties ill region I were assumed

unifoi'm ins in step (1) of appendix B.

(2) The eah'ulation was made for tl given value

of base-pressure ratio. In ihe presen[ analysis ihe

experimental "value was ('hosen rather than the

theoreli('al vahie.

(,3) The flow properlies in region 2 were deter-

mined in the same manner as in slop (3) of ap-

pendix B.

(4))tsmlml)lions regarding tile nature of the

trailing Siloek and the calculation of iis pressure

rise pJpe were identical to those of s|ep (4) of

appendix B.

(5) Tlie next step was to superimpose upon lhe

flo;v in region '2 the fully developed isoenergetie

mixing-velocity profih, s of reference 8 for turbu-

lent lnixing and of reference 5 for laminar mixing.
It was assunied itlal the jet boundary slrealnlhie

of the mixin 7 profile coincided in position and

dh'eciion with lhe free slroanilino ,'is determined

in step (3).

(6) It was assumed that tile prosstlre-rise disiri-

butioll_ resulted froln lhe isenti'opic stagnation of

tim streamlines in the mixing zone ill their inter-

sovlion with the surface downstream of the step.

It was further assunled l]llil, lifts pressure-rise curve

terminated upon reaching tile trailing-shock pres-

sure rise ps,lp: of step (4). Tlle slops needed to
accomplish this porlion of the solution were as
follows:

(a) The velocity ratio so was determined as a

fllll('[iOll of the position paranleter y for llli'])tllelllb

mixing from reference S al/d for Jalninar mixing

from referenee 5.

(b) For a given so the corresponding M was

determined froni lhe relations C=_ C_,, and ill =

2 C"
7--1 1 -C 2

(c) Then the corresponding P/p was determined

3o

I' ,,,op,o.s,,ro
rlllio ]L,!pr,=l_/p was ],;nown as a function of r#.

(d) The posilion on lhc snl'fliee dowllstroanl of

l]ie step that corresponded lo any given vahie of 7/

was then delevmined. Knowing this relation, the

pressure ratio corresponding to any posilion on

the surface w,ls known. The follm_ing relations

bel ,x een _7 and surface posilion can be derived from

geomelrical consideratiolTs. For l_o-dinielqsional

eonfignrnliol!s with lurbuient inixing,

_Tj-- 77 eOs<,0a
cos 03 COS 02 o-

D--sin (0s--Oa) F _J---_ q

1 o"
sin 2 (0a 0_)L +inn (0a_0_)J

For two-dimel:sional configural tel: s with laminar

,nixing,

( ) {
x cos 0 ,_ 0 r#_--_ cos 0,_ -

a CO. a l- . #C_,a . t_'2,a

D--sin (Oa--Oa)--(D sin (.0a--0.,) _D lair (0a--0._,)

ZY l+ 4<.os0:,
Jr- ' llin (0a--0a) d sill (0a--0e}

For axisymmei rio configurat ion s with 1urbulent

mixing,

_J-- _/ cos 0a
,...( g (.,g
j=\d/:--\{T/-

sin (oa-0_) l@tan i0a_027

where (z/d)_ wits the axial-dislanee I'alio from the
bast, to the intersection of ltle free streanlline and

lhe lest-body surface. Ill all equations lhe 'alge-

braic sign of 0, was positive for pUpo>l and hog,l-

live for pt,/po_l.



APPENDIX D

CALCULATION OF BASE-PRESSURE RATIO OF AXISYMMETRIC CONFIGURATIONS WITH BASE BLEED

For a given model geometry and base-bleed flow

rate, the base-pressure ratio was calculated by the

follmsing steps:

(1) The bleed air was assumed to be at the same

total temperature as the free-stream air and to

enter the base region with negligible axial momen-
tum. The base-bleed flow ratio was calculated

from (for derivation see rer. 1)

(2) As in appendix B, a trial-and-error solution

for base-pressure ratio was required. Therefore,
_t value for the ralio was assumed.

(3) The flow properties in region 2 were deter-
mined in the same manner as in step (3) or

appendix B.

(4) Assumpthms regarding the nature of the

t.railit)g sho('l¢ and the calculation of its pressure

rise pa/P: were identical to those of step (4) in

appendix 13.
(5) The equn.lion for base-1)leed ratio, which for

turbulent mixing can be s_q'it.len a.s

. / 2 " "+_ [L(C,,_:n_)--l_(G._;n.3l ,,./d

\7/.,,,,o ,,:f. J,.,,o

was solved for /_(C2._;u_), where (T/t)Ma. _ and

(A/A*)ax.,_ are the isentropic flow parameters
evahmted at ,112,a; +1_is the base area in the plane
of the base; and /-_ is an integral of flow properties

in the mix:ing zone that is tabulated in reference 8

as a function of r/. From these tables the wdue of

I,(C_._;nj) to be used in the preceding equation

was found, as was the pasition paranaeter of the

limit, tag str_;amline r_.,, eorresponding to the eal-

eulated wdue of ],(g2._;n.0.

(6) The remaining calculations were:

(a) Determine the _, that corresponded to n.,
from reference 8.

(b) Compute C,--sof'2._.

{P'_ ==(1 +Y-- 1ale',)_-__L Jr (p/p),(e) Comput e
/

was not equal to Pa/Pa of step (4), a different

vqlue of po/po was assumed in step (2), and the
calculation was repeated un(il equ'dity was

obtained. The two values of po/])() l]lllS obtained

(one corresponding to a l)lane and the other 1o q

conical trailing s])oel,:) then served to predict a

range for the experimental data.

31



32 TECHNICAL REPORT R--77--NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

REFERENCES

1. Korst, II. II., Page, R. II., and Childs, M. E.: A

Theory for Base Pressures in Transonic and Super-

sonic Flow. Tech. Note 392-2, Eng. Exp. Station,

Univ. Ill., Mar. 1955. (Contract AF 18(600)-392.)

2. Chapman, Dean R., Kuehn, Donald M., and Larson,

Howard K.: Investigation of Separah'd Flows ill

Supersonic and Subsonic Streams with Emphasis on

the Effect of Transition. NACA Rep. 1356, 1958.

(Supersedes NACA TN 3869.)

3. Chapman, Dean R.: All Analysis of Base Pressure at

Supersonic Velocilies and Comparison with Experi-

menl. NACA Rep. 1051, 1951. (Supersedes

NACA TN 2137.)

4. Korst, II. II., P:lge, R. II., and Childs, M. E.: Com-

pressible Two-Dimensional Jet Mixing at Constant

Pressure. Tech. Note 392 1, Eng. Exp. Station,

Univ. Ill., April, 1954. (Contract AF 181600) 392.)

5. Chapman, De-m R.: Laminar Mixing of a Compress-

ible Fluid. NACA Rep. 958, 1950. (Supersedes

NACA TN 1800.)

6. Murthy, K. R. Amanda, and IIammitt, A. G.: Investi-

gation of the Interaction of a Turbulent Bound-lry

Layer with Prandtl-Mcyer Expansion Fans at

M=1.88. Rcp. 434, Princeton Univ., Aug. 1958.

7. Sims, Joseph L.: Ilesults of the Computations of

Supersonic Flow Fiehls Aft. of Circular Cylindrical

Bodies of Revolution by the Method of Character-

istics. Rep. DA R 49, Dee. Operations Div.,

Army Baltistie Missile Agency, Mar. 1958.

8. Korst, II. H., Page, R. H., and Childs, M. E.: Com-

pressible Two-Dimensional Jet Mixing at Constant

Pressure. T.tbles of Auxiliary Functions for Fully

1)eveloped Mixing Profiles. T(_eh. Nole 392-3,

Eng. Exp. Sl"tiion, Univ. Ill., Apr. 1955. (Contract

AF 18(600) 392.)

9. Schlichting, H.: Lecture Series "Boundary Layer

Theory." P(. I Jmminar Flows. NACA TM

1217, 19.19.

10. Schlichting, It.: Lecture Series "Boundary Layer

Theory." Pt. II Turbulent Flows. NACA TM

1218, 1949.

l l. Chiccine, Bruce G., Valerino, Alfred S., and Shinn,

Arthur M.: Experimental Investigation of Base

tIeating and Rocket tlinge Moments for a Simu-

lated Missile Through a Maeh Number Range of

0.8 to 2.0. NASA TM X-82, 1959.

12. Styler, Kenneth R., and Bogdonoff, Seymour M.: The

Effect of Support Interference on tim Base Pressure

of a Body of Revolution at IIigh Reynolds Numbers.

Rep. 332, Prineelon Univ., Oct. 1955.

13. Wu, Chen Yuan: The Influence of Finite Bleed

Velocities on the Effectiveness of Base Bleed in the

Two-Dimensional Supersonic Base Pressure Prob-

lem. Ph.D. Thesis, Univ. Ill., 1957.

14. Chow, W. L.: On the Base Pressure Resulting from

tim Interaction of a Supersonic Extern'_l Stream

wilh a Sonic or Subsonic Jet. Jour. Aero/Spaee

Set., vol. 26, no. 3, Mar. 1959, pp. 176 180.

15. Fuller, L., and Reid, J.: Experiments on Two-

Dimensional Base Flow at M-_:2.4. R. & M. 3064,

British RAE, 1958.

16. Beastall, D., and Eggink, It.: Some Experiments on

Breakaway in Supersonic Flow, 1)I. II. Tech. Note

AERO 2061, British RAE, June 1950.


